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RADIATION TESTS OF HOUSE HEATING BOILERS
INTRODUCTION.
This thesis consists of a study of twenty-four
tests on two house heating boilers with special reference to
radiation losses involved, together with a description of the
apparatus used, an account of the tests, and a report of the
results obtained. The tests were luade on two small boilers
erected on the testing floor of the University of Illinois
Mechanical Engineering Laboratory.
The work was divided into four parts, according to
the conditions under which the boilers were operated: first
as radiators; second, cooling tests after the fire was drawn;
third as steam heating units unlagged; and fourth, as steam
Tinits lagged.
Although the Experiment Station has conducted a
great number of tests on these two boilers, most of their
work has been concerned with the efficiencies and capacities,
and the relative value of different fuels, rather than that
of radiation loss. The Station has, however, conducted about
fifteen tests similar to those described in this thesis, but
owing to the variation of results it has not considered
its work of enough value to justify any very full conclusions.
Based on these tests, however, the assumption was made that
the boiler, which is designated as Dj radiated 13000 B. T. U.

per hour while radiated 28000 B..T,U. per hour.
PURPOSE CF ThSTS.
The object of these tests was tw determine the loss
of heat by radiation from these two boilers.
APPARATUS
"The tests to be described were conducted with two
house-lieating boilers, here designated as boiler D-j and boilei-
"Boiler is shown in Fig. 1, (This photograph was
taken after the boiler was lagged). It is composed of four
horizontal cast iron sections and is rated at 800 square feet.
Fig. 2 is from a photograph of boiler D^. It is of the ordinary
sectional construction, being built up of interchangeable cast
iron sections, and is rated at 1075 square feet. Fig. 4 shows
a general view of the two boilers and testing apparatus used.
The principal dimensions and proportions of these two boilers
are given in Table I,
"The boilers are set independently, each being provided
with similar load regulators, feed water systems, and stacks.
The steam was exhausted to the atmosphere. The feed water deliver-
ed to each boiler through measuring tanks
Part of the description of the apparatus as here given
is taken from the Engineering Review of May, 1911,

TABLE I
r7
DIMENSIONS OP BOILERS.
Rated capacity, radiating sur- ^1 ^2
10V 5
T T » £ - ^ • a » T T ^% >ii W ^ 5 1/2 5 5/4
9 25
^s, •
.
_ ^« < _ _ _ _ 1_ _ _ 8 l/2^C 15 9x15
Height of fire door above grate inches 14 10
Fuel capacity to center of fire
290 370
Plain rock- pat. Rockpr
ing 28 diam 18x48
-or. 28 6.0
3.0
Ratio of air space to grate sur-
50 50
22.
5
22
Heigrit of chimney above grate. feet 39 39
1.07 1.07
Area of flue connecting tc
.55 .55
Length of flue connecting to chimney feet l4 12 1/2
^ J ^% ^ _ • T _ • _ J
.6/ .495
Ratio of least flue area to
15.5 8.23
4. 17 3.0
Natural Natural
Direct water heating surface .. square feet 18 .8 21.89
Indirect water heating surfacesquare feet 20 .7 t)3.98
4.2 None
45.7 75.87
Ratio of direct heating surface
43 28.9
Ratio of total heating surface
10.2 to 1 12.6 to 1
Total water and steam space... cubic feet V .38 11 . 16
3.0V 3.28
4.31 7.88
Square feet of external boiler
surface in contact with
57.88- 103.27
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was condensation from heating coils, and an effort was made
to feed the water at as nearly a constant rate as possible
and at a temperature which might correspond with that of the
returns in house-heating work. The feed water temperature
averaged about 175 degrees Fahrenheit, The water was forced
from the measuring tanks into the boiler by means of compress-
ed air, a 1/2 inch needle valve near the boiler allowing close
regulation of the feed.
"The live steam was brought in from the high
pressure steam main, passed through a steam separator, and
through a throttle valve to the feed pipe. A pressure gauge
and thermometer were inserted in the steam line just beyond
the throttle.
"Since these small heating boilers are designed to
regulate themselves, under control of their automatic
damper regulators, the rate of combustion may be kept fairly
regular by keeping the rate of evaporation constant. This
was accomplished by the use of a pressure regulator, a
steady flow of steam being discharged through a suitable
orifice into the atmosphere, provision being made for varying
the load to suit the specific demands of the test.
"Pig. 3 shows one of the load regulators with its
covering removed. The steam from the boiler passes through
the pressure regulator A into a 2 inch pipe, v^fhich extends
through the top of the receiver and nearly to the reducing
tee at the bottom. Here the direction of the steam is changed

Fli^UF^E 3

9and the entrained moisture separated, the dry steam passing
up and out through P, and to the exhaust main J, through
an orifice plate in the w inch union G, the pipe J being open
to the atmosphere. Difference of pressure as between the
receiver and exhaust side of the orifice is indicated by a
mercury manometer at C, The moisture separated from the steam
collects in the 3 inch trap D, the amount being shovm. by the
gauge glass.
"A pressure of approximately 2 pounds was main-
tained in the receiver, and corrections for quality of steam
and conversion to equivalent evaporation from and at 212
degrees Fahrenheit were made on the basis of the mean pressure
in the receiver. The pressure in the boilers varied from
5 to 3 pounds, the safety valves being set at 12 pounds.
^'Variation of load can be obtained by the the
introduction of suitable orifices at G. The by-pass valve
E allowed changes to be made during operation, the orifices
taking the place of a gasket in the union."
METHOD OF CONDUCTING TESTS.
A. Boilers Run as Radiators.
In the first series of tests in which the boilers
were run as radiators, the method of working was as follows:
High pressure steam was taken from the pipe shown at A, in
the diagram of the apparatus. Fig. 6. From here it passed
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through the separator B to remove the water, then through
the throttle valve C where the pressure was reduced to
about 12 pounds gage. Just beyond the throttle valve was
located a pressure gage E, and a thermometer well D, contain?-
ing a mercury thermometer. From here the steam passed through
the regular feed pipes, entering the boilers at the bottom
below the water level. The condensed steam was drawn out
of the boilers at G and H into the weighing tanks.
The water level in the boilers was kept as
nearly constant as possible and about the same height as
would be used in the boilers under service conditions.
Sufficient steam was admitted to the boilers to
keep the steam at about five pounds pressure, the pressure
being read on a mercury manometer. Before starting each
test, steam was allowed to pass through the boilers and
escape, thus carrying the air out. Then all escape of steam
was stopped and the pressure maintained at about five pounds
for an hour before starting these tests. All tests were ten
hours long. The readings taken at fifteen minute intervals
were:
1. Time.
2. Pressure of entering steam at E.
3. Temperature of entering steam at D.
4. Height of water in gage glass.
o. Weight of the condensate drawn out of the boilers
into the weighing tanks, G and H.

6. Pressure in boiler measured by mercury manometer.
7. Room temperature.
8. Barometer reading taken at intervals of one or
two hours.
In all tests an attempt was made to keep all doors
of the building closed so as to prevent drafts of cold air
striking the boilers. The flues leading to the stacks were
closed to prevent circulation of air through the furnaces,
B. Cooling Tests After Fire Was Drawn,
In the second series of tests, the boilers were
fired up and the pressure raised to about eleven pounds. Than
all escape of steam from the boiler was stopped and the fires
quickly drawn, the boilers allowed to cool and the pressure
to drop to that of the atmosphere.
Readings taken at intervals of two minutes were:
1 . Time
.
2. Pressure in the boiler taken with a mercury
manometer,
3. Keignt of water shown in gage glass,
4. Readings of the barometer taken once during
the test.
Readings were not taken till the pressure ^egan to
fall uniformly and were continued till the pressure had
fallen to one half pound.

C. As Steam Units Unlagged and Lagged.
In the third and fourth series of tests the boilers
were operated at about two -tnirds capacity with lii/illiainson
County lump coal. The standard method of starting and
stopping the trials as prescribed by the A.S.M.E. code was
used. A preliminary fire was built and the boilers were run
until a pressure of over five poxinds was raised, at which
pressure the boiler was run for a short time to insure uniform
conditions
.
At the start of the test the preliminary fire
was quickly drawn and a fresh fir started with a weighed
amount of coal and wood. The test was started when the wood
was ignited, at which time observations of time, boiler
pressure, and height of water in the gage glass were taken.
In each test 17 1/2 pounds of coal were fired to each boiler
per square foot of grate surface, making 75 pounds for
and 105 pounds for per firing.
After each charge the fire was not touched
until the next firing time, providing the automatic load
regulators kept the pressure above 5 po\inds. However, it
frequently became necessary to poke the fire in order to
bum the unconsumed fuel on the grates. No more attention
than was absolutely necessary was given to the boilers, the
idea being to mn the tests under as nearly as possible
ordinary house-heating conditions.
The duration of tests varied from ten to twelve
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hours, the fire being drawn when the pressure fell below
four or five pounds on the last firing and did not rise when
damper was opened and check closed. Final observations were
taken just as the grate was dumped. The ash and residual
fuel were then flrawn from the ash-pit together, and put into
a closed galvanized can with a close fitting cover, which
prevented further combustion.
A fair sample of the coal was taken, at the beginn-
in of the series of tests, and sent to the Chemical Labor-
atory of the university of Illinois where it was analysed.
Both proximate analysis and calorific determinations were
made
.
A fair sample of the ash and residual fuel for
each test was also sent to the chemical laboratory for chemical
analysis.
The gas samples were taken as continuous samples
of each firing and analysed by the Orsat apparatus.
The flues were cleaned out before each test so
that the condition of the draft would be similar for each
test.
Observations taken every twenty minutes were:
1. Pressure in boiler and separator.
2. Draft in stack, over fire, and in ash pit.
3. The gas and room temperatures.
4. Height of water in feed tank, gage glass, and
separator.
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5. Feed water temperatures taken every ten minutes.
6. Time of starting and closing the test, and
frequent barometer readings.
DISCUSSION OF RESULTS.
Table No. 2 gives the results of the six tests
running the boilers as radiators. As can be seen from items
4,5,6, the steam was superheated upon passing the throttle
valve, marked C in the diagram of the apparatus, Fig. 6.
Then the steam to become water as measured in the weighing
tanks C and H, must first be cooled to saturation temperature
of the steam in the boiler and then condensed. In this
process, one pound of steam gives up its latent heat plus
its superheat. Or mathematically:
H = q + cvTg - T^ ) vl;
H = Heat per pound of steam in B.T.U.
q = Latent heat of vaporization.
T = Temperature of superheated steam.
2
Tq^ = Corresponding saturated temperature,
c = Specific heat of superheated staem. v«t8.
Then the heat per pound \H) times the number
of pounds condensed gives the B.T.U. loss due to radiation.
In each case the same amount of water was in the boiler
at the beginning and at the end of the test. Thus the
weight measured in the tanks C and H, Fig. 6 is the true
amount of condensation.
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But the pressure in the boiler varied slightly and was not
the same at the beginning as at the end of the test. Thus
there is a change in temperature in the boilers and a res^jlting
interchange of heat due to radiation. If the temperature
falls this interchange of heat will be positive and if it
rises, negative. Knowing the weight of the cast iron in
the boiler and their water capacity, the amount of this
heat can be determined.
It is given by the weight of the cast iron times
its specific heat plus the weight of the water, multiplied bj
the temperature rise. Or expressed mathematically:
Q = (Wc ^ w)('l2- V2/
¥/ = Weight of cast iron in boiler.
w - Weight of water in boiler.
T = Temperature corresponding to the pressure in
the boiler at the beginning of the test.
1-^= Temperature corresponding to the temperature
in the boiler at the end of the the test.
c = Specific heat of cast iron. \.1298;
Thus the total heat loss and the loss per hour is
expressed in B.T.U.
Knowing the temperature in' the boiler and that of j
the room gives the temperature drop, from the steam of the
air through the cast iron wall of the boilers. Adding the
area of the boiler surface exposed to steam or water to the
area of the steam pipe, from the thermometer at E to the
boiler gives the surface exposed.
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Dividing the B.T.U. loss per hour by this temperature drop
and area, gives the loss of heat by radiation expressed
in B.T.U. per hour per degree of difference between the steam
and the air per square foot of radiating surface.
Table No. 3 gives the results of the cooling
tests, the total B.T.U. lost by radiation is computed by
use of formula No, 2, which it will be seen, takes into
account the heat loss due to drop in pressure. As in table
No. 2 the results are reduced to average B.T.U. loss per
hour per degree difference of temperature between the
steam and air of the room, per square foot of radiating
surface
.
Table NO. •* gives the proximate analysis of the
coal used. Table No. 5 shows the results of the series of
tests from 13-24 in which the boilers were tested both
bare and covered with an asbestos composition lagging.
As will be seen the average efficiency of the
boilers D^and Dg unlagged is i8.3 % and iy.l7 ^. After
the boilers were covered the average efficiencies were raised
to o2.2v "/o for and 55.63 /o for D which shows a gain
of 4,2-± /o for Li and 6.45 % for D2.
From Table No. is obtained the B.T.U. per
pound of dry coal. From Table No. 5 can be had the dry
coal consumed per hour. Thus the B.T.U. saving per hour
is computed.
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CONCLUSIONS.
r
The results presented ^re of little value if
not properly interpreted. The radiation determined is
probably slightly low. In the case of the boilers used as
radiators, the assumption is made that the temperature
of the boiler is uniform throughout. But this need not be
the case, for the steam was admitted at one side and near the
bottom. Circulation of water in a boiler is due to a
difference in temperature in the water and if the circulation
is not free the temperature difference raay be considerable.
It would be interesting to place thermometers in the boilers
at the narrow points and learn their temperatures.
In the cooling tests after having had a fire in
the boiler, the temperature of the grate bars on which there
has recently been a hot fire is unknown. It is probable that
they are giving up heat while the boiler cools, thus prevent-
ing the pressure from dropping as rapidly as expected.
The gain in efficiency due to lagging may not be
entirely due to the lessened radiation. But as a greater
amount of water is evaporated per pound of coal consumed
and the boilers operated under a constant rate of evaporation,
there would be less coal consumed for a given length of time.
As the s ta3k loss depends on the coal consumed, the stack
loss would tend to be slightly less in the case of the covered
boilers, the lowering of this loss being a gain in efficiency.
All these results tend to show that the loss of

heat by radiation is a varying quantity effected by the
circulation of air in the room and probably by the amount
of moisture in the air.



